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By 
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ABSTRACT 


Results of wind tunnel heat transfer tests of 0.0175-scale Rockwell 
International Space Shuttle Vehicle configurations for orbiter alone, 
tank alone, and orbiter plus external tank are presented in this report. 
Body flap shielding of SSME's during simulated entry was also investi- 
gated. | 

The tests were conducted at Mach 8 for thirteen Reynolds number per 


foot values ranging from 0.5 x 106 to 3.72 x 10°. 
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INDEX OF DATA FIGURES (Concluded) 


COEFFICIENT SCHEDULE: 


A: 
B: 


G: 


NOTE: 


HI/HO, HU/HO vs X/LT 
HI/HO, HU/HO vs X/L 
HI/HO, HU/HO vs X/C 
HU/HO vs X/C 

HI/HO vs X/L 

HU/HO vs X/L 

HU/HO vs X 


A large volume of working data plots were generated and 
released by the Data Management Services during initial 
data processing activities. However, for documentation 
Purposes, only a smal] representative selection of plots 
are included. The data will] remain on file and be availa- 


ble for any future applications. 


INTRODUCTION 


The experimental investigation described in this report was performed 
to obtain aerodynamic heating rate data in both ascent and entry flight 
regimes of the Space Shuttle Vehicle. Second stage ascent interference 
heating was investigated with the orbiter alone, tank alone and orbiter 
plus external tank configurations at angles of attack of -10°, =5°..0°; 
and 5° and sideslip angles of 0° and -2°. | 

Orbiter entry heating data was obtained over an angle of attack range 
of 25° to 45° for sideslip angles of 0° and 5°. Effects of control surface 
deflections and body flap nozzle shielding were also investigated. 

The (ee eapo aren was conducted in the Arnold Engineering Development 
Center VKF 50-inch B tunnel at Mach 8 for free-stream Reynolds number per 


6 6 


foot values from 0.5 x 10° to 3.72 x 10°. 





Plot 
symbol] 


HREF 
HI/HO 


HT /HU 


HU/HO 


HAW/HT 


MACH 
RN/L 


NOMENCLATURE 


Definition 

model skin thickness, Span, in 

chord, in 

Specific heat of model material, BTU/Tbm - °R 

heat transfer coefficient, BTU/ft?-sec-oR 
reference heat transfer coefficient, BTU/ft2-sac-R 


ratio of interference heat transfer coefficient 
to stagnation heat transfer coefficient 


ratio of interference heat transfer coefficient 
to undisturbed heat transfer coefficient 


ratio of undisturbed heat transfer coefficient to 
Stagnation heat transfer coefficient 


enthalpy, BTU/1bm 

adiabatic wal] temperature ratio, Taw/To (recovery 
factor). NOTE: Where HAW/HT = 0.0 jn displayed 
data, the heat transfer coefficient has been calcu- 
lated using a recovery factor calculated from Taw/To = 
(0. 86740.133 sinl.55 S), where 6 = (a + oO), Alpha is 
the model angle of attack and theta is local Surface 
angle. 

length, in 

Mach number 

unit Reynolds number, per foot 

time, sec 

temperature, °R 

Stagnation temperature, °R 


initial temperature, °R 


symbo | 
aw 

Q; 

T/C 


Plot 


Symbol 


X/C 
X/L 


X/LT 


Ov/B 
7/BY 


B. FLAP 


Beta 
ALPHA 
ELEVON 
PHI 
PHIN 


NOMENCLATURE - Continued 


Definition 

adiabatic wall temperature, °R 
initial heat transfer rate, BTU/sec 
thermocouple 

model material density, Ibm/ft3 


axial distance from nose to corresponding 
component, in 


chordwise location, fraction of local chord 
longitudinal location, fraction of length 
Spanwise distance from centerline, in 
longitudinal location on tank, fraction of length 
waterplane distance, in 

spanwise location of semispan 


vertical tail location, fraction of height 


aileron deflection angle, degrees 


body flap deflection angle, degrees 
rudder deflection angle, degrees 
Sideslip angle, degrees 

angle of attack, degrees 

elevon deflection angle, degrees 
radial loaction on nk degrees 


radial location on orbiter nozzle, degrees 


NOMENCLATURE - Concluded 


subscripts 


adiabatic wall condition 
initial condition 
Orbiter 

tank 

vertical tail 

wall conditions 
Stagnation conditions 
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REMARKS 


During the course of mated configuration testing, it was felt that the 
forward canopy to wing bottom surface seam may have affected transition. 
This seam was repaired with dental plaster and 48 transition study runs 


were made at the end of the test with the orbiter alone configuration. These 


runs (177-224) consisted of eleven Re/ft values at two angles of attack, 


and demonstrated that the seam did not prematurely trip the boundary layer. 
The original run schedule did not include obtaining data from the 11 
T/C's on the windshield, but during the test high heating rates were ob- — 
served in the canopy area. Therefore, three runs (#31, 32, and 33) were 
added to the run schedule to obtain this data. The first 11 T/C's of the 
data acquisition system switch position No. 1 were replaced with the wind- 


shield T/C's for these runs. — 


CONFIGURATIONS INVESTIGATED 


The ¢2-OT model is a 0.0175-scale replica of the Vehicle 3 configuration 
Rockwell International Space Shuttle Orbiter and external tank per Drawing 
Number VL70-000139.° The model was a thin skin thermocouple model instrumented 
with 428 iron-constantan thermocouples and was sting mounted through the 
orbiter base. The tank was sting mounted to the orbiter Sting. 

Provisions were made to test elevon deflections of 0°, +5°, +10°; 
body flap deflections of 0°, +10°; and rudder flare angles of 0° and 40°. 
Entry orbiter nozzle heating data was obtained by replacing the orbiter 
main sting with an instrumented base plate and nozzle and an offset sting 
mounted through the vertical tai] area. The offset sting simulated a rudder 
Flare deflection angle of 40°, 

The main model structure is 15-5 pH Stainless steel with instrumented 
areas Of 15-5 PH and 17-7 PH. Thermocouple locations and local skin thick- 
nesses are presented in Table 4. The mode] instrumentation reference system 
1s described in Figure 1. The configurations tested are described below 


with the component definitions given in Table 3. 


Biz» Cas Mys Fes Wing, Foo» Vos Ry Orbiter alone (0) 

By7> Cos Mgs Fes Wins, E99 Vas Res Ty, Orbiter plus tank (0) + Tyg) 
Tho ‘Tank alone (Ty) 

Biz: Co, Ma> Fes W193: Eos Vos Res N Descent orbiter alone nozzle 


heating (05) 
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TEST FACILITY DESCRIPTION 


The Arnold Engineering Development Center (AEDC) is an Air Force 
Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is 
located in the Von Karman Facility portion of this center. Engineering 
and other technical operations in this tunnel are performed by contractor 
personnel of ARQ, Inc. 

Tunnel B is a continuous, closed circuit, variable density wind 
tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test 
section. The tunnel can be operated at a nominal Mach number of 6 or 8 
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively, 
and at a stagnation Panperature of up to 1350°R. The model may be in- 
jected into the tunnel for a test run and then retracted for model cooling 


or model changes without interrupting the tunnel flow. 


if 


TEST PROCEDURES 


The model was installed upright for second stage testing and offsey.. 
sting nozzle heating and transition studies. The orbiter was inverted for 
entry, orbiter alone testing. Al] configurations were leveled in both pitch 
and yaw planes. Yaw angles were obtained by combinations of ee and pitch 
with the tunnel model Support system. | 

All instrumentation leads were routed internally through the model Sup- 
port apparatus to the data acquisition patching network outside the tunnel. 
Two hundred ninety one thermocouples were connected to the instrumentation 
patch board. Since the data acquisition system Capability was ninety-seven 
recorded thermocouples per run, three runs were necessary for one test point. 
Each run of the test point series corresponded to one switch position (97 
channels) of the data acquisition system. 

The model was injected into the flow and remained on centerline for 
approximately one second. After retraction, the model was cooled to an 
isothermal state by air from high pressure manifolds. 

For orbiter transition studies and nozzle heating tests, the orbiter 
base and main Sting were removed and replaced with an instrumented base plate 
and nozzle. The model was then mounted with an offset sting through the 
vertical tail area. Only two main engines were simulated and only the left 


nozzle was instrumented. Shadowgraphs were taken for each run of the program. 
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DATA REDUCTION 


Thermocouple outputs were recorded on magnetic tape at the rate of 
20 times per second from the start of the injection cycle until about 4 
seconds after the model reached the tunnel centerline. The heat transfer 
coefficient, h, was computed from the relation 
dfn (423 
h = Wbc,, + -—"-_ 
where 


W = model skin density, 1bm/Ft? 


o 
I 


model skin thickness, ft 


c, = model skin specific heat, BTU/1bm - °R 


Twi = initial model skin temperature, CR 


This relation was derived from the equation 
| dT 
W 
a oe 
h= TO - T 
2) W 
which neglects conduction losses and the assumptions that h, W, and 
Ch are constants. 
If conduction losses are indeed very small, then 


T = 7 


lv eo] 
TY, ’ Ny 


versus time is very nearly linear. Even when conduction effects 


are significant, a smal] linear portion of the curve can generally be found 
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at early time. It is for this reason that a linear least squares curve 


-~T)), begun as soon as it could be determined 


PUESOE MATa Ta) AC - 


that the model had reached uniform flow, was used to compute the derivative 





T -T, 
dn (—-2—Wiyy 


as re: 
dt 


and then h. 

The lengths of the curve fits were kept as short as possible and yet 
be consistent with system noise Characteristics. These curve fit lengths 
are given below: 
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TABLE ITI. - MODEL DIMENSIONAL DATA 





eases iin aie tea 


MODEL COMPONENT: BODY - B17 
GENERAL DESCRIPTION: Fuselage, 3 configuration, lightweight orbiter Per... 


Rockwell lines drawing No. VL70-000139 . 


ae ae Ce eerste inser nals ta ap ecuiiecntian 


MODEL SCALE: 0.0175 





A A ARG Ree CARE BA ame 8 4 | 





DRAWING NO.: = VL70-000139 


DIMENSIONS: YULL SCALE MODEL SCALE 
Length - In. 1290-3 22.5805 
Max. width - In. 267-6 _ 4.6830_ 
Max.depth - In. abh.5 4.27875 
Fineness Ratio | 4.82175 ____ 4.82175 
Area - ft° 

Max. Cross-sectional 386 . 67 0.11842 
Wetted 


Base 
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TABLE III. - Continued. 


MODEL COMPONENT: CANOPY - C7 





GEBERAL DESCRIPTION: Configuration 3 per Rockwell Lines VL70-0001 39 
Insufficient information to complete dimensional data at this time. | 





MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000139 


DIMENSIONS: FULL SCALE MODEL SCALE 
Length (X, = 433 to X, = 670) - in FS _ 237 h 148 
Max. Width 


Max.Depth (Zp) = to Z = 501) in FS 
Fineness ratio 
Area - Pt© 
Max. Cross-sectional 
Planform 
Wetted 


Base 


i 
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TABLE III. - Continued. 


MODEL COMPONENT: OMS pop - M) | | 
ee eee 

SENERA!, DESCRIPTION: Orbital maneuvering system pods located on the orbiter 

ER tl a ga ue. 


a Ls cheetadiscard adtion wee TOR ener rnia 


MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-0001 39 


DIMENSIONS: FULL SCALE MOVEL SCALE 
Length - In. 346.0 ww 0: 0550 
Max. Width - in. 106-0 By 
Max. Depth - In, 7 113.0 113.0 


Fineness Ratily ; 


aeeeeennetmeteren antes ee bait teemtnh, Latan en ae pe eee renee 


Area - ft2 


Max cross sectional 


Planforn SS a ae ee 

Wetted ee Ae ent coe a 

Base SSE er eee 
€ of OMS Pod 


WP = 463.9 In. FS; WP hO0O + 63.9 = 463.9 
BP we 80.0 In. FS 
LENGTH: 1214.0 to 1560.0 = 346.0 In. FS 


HOTE: M, is identical to M3 of 2A configuration, 
except intersection ee body. 


éb 





TABLE III. - Continued. 


MODEL COMPONENT: BODY FLAP - Fs | 
GENERAL DESCRIPTION: _3 Configuration per Rockwell Lines VL70-000139 








MODEL SCALE; 0.0175 
DRAWING NUMBER; VL70-000139 


DIMENSIONS: | _ FULL SCALE MODEL SCALE 
Length - In. 84.70 1.48225 
Max. width - In. | | 267.6 + 6830 
Max. Depth 


Fineness Ratio 
Area - f£t° 
Max Cross-sectional © 


Planform Lhe .51 0.04365 


Wetted | 
Base | | 38.0958 0.01167 


2/ 


- TABLE III. - Continued. 


MODEL COMPONENT: = WING-W 103 


Data for (1) of (2) Sides 


Leading Edge Cuff 2 

Planform Area Ft 

Leading Edge Intersects Fus M. L. @ Sta 

Leading Edge Intersects Wing @ Sta é 
2 
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meetups auientaaeteeen aaa 
1035.0 

























GENERAL DESCRIPTION:  Cenficuretion 3 Orditer per Lines VL70-000139, 
A ELE RS rR ReNERNhe tipster =m Hi sranseieurhabinenatiiitnayyp nus. Pia) ean ve’ =, ie ate 
NOTE: Seme planform as WE7, except dihedral at TE 
LNT AL TIS A EAI AEE eA TESTI eRta ents atartaistrermunamansstiaemeseasacey iene, a ht sceettehineetanathinatnmia amr dann amaona te een TE TE TT 
Scale Model = Q.0175 | | So ee ees eee ke 
| JEST NO. DWG. NO. VIZO-0F O12 
DIMENSIONS: FULL=SCALE MODEL SCALE 
TOTAL DATA ; 
Area (Theo.) Ft | 
Planform 2690.00 0.82381 
Span (Theo In, 936, 68 16.3910) 
Aspect Ratio 2.265 a ae 
Rate of Taper ea: ee a | 
Taper kKatio 7 0.200 i ae 
Dihedral Angle, degrees (@ TE of Flevon) 3.500 eee 
Incidence Angle, degrees 3.000 3 
Aerodynamic Twist, degrees _ +3000 43600 
sweep Back Angles, degrees 
Leading Edge 45.000 45.000 
Trailing Edge 10,21, “10.4 
0.25 Element Line 322209 . Re i, 
Chords: 
Root (Theo) B.P.0.0. 689,24 12.06170 _. 
Tip, (Theo) B.P, 137,85 2 412 38 
MAC L742] 8.30918 
Fus. Sta. of .25 MAC 4 OG 14 89558 
; W. P, of As) MAC 3C oe} - e ee 26x) 
_BeL. of .25 MAC ' 182,13 3.1572 
EXPUSED DATA 9 
rea ned ) Ft 1752 29 Ors 53664 
Span, (Theo) In. BP108 fh T2-OTT90 
Aspect Ratio 2.058 2.058 
Taper Ratio O. 2451 O, 2651 
Chords : 
Root BP108 562.40 9.8420 
Tip 1.00 b 137.85 2.41236 
MAC 393.03 6.87802 
Fus. Sta, of .25 MAC BELT ae 20,.74292 
W.P. Of 25 MAC 300. 20 5 25350 
BL. of .25 MAC 251.76 2 51.580 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
Root b a 0,10 0.10 
Tip b= 0.12 O.12 
e peer neer 
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TABLE III. - Continued. 


MODEL COMPONENT: ELEVON- Epo 7 
ng 


GENERAL DESCRIPTION: 3 configuration per W103 Rockwell Lines Drawing 


VL70-000139 data for (1) of (2) sides. 


a a a 
SCALE MODEL: 0.0175 


DRAWING NUMBER: VL70-000139 


DIMENSIONS: a FULL SCALE MODEL SCALE 
Area - ft® | | 205-52 __0.06294 
Span (equivalent) - In. 353.34 6.18345 
Inb'd equivalent chord | 114.78 2.00865 
Outb'd equivalent chord 55.00 0.96250 


Ratio movable surface chord/ 
total. surface chord 





At inb'd equiv. chord -208 —.208 
At outb'd equiv. chord - 400 400 





Sweep-back angles, degrees 


Leading edge 0.00 0.00 

Trailing edge - 10.24 - 10.24 

Hingeline | | 0.00 0.00 
Area Moment (Normal to hingeline) - ft3 1548.07 ___0.00829 


(Product of Area Moment) 
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TABLE III. - Continued. 





MODEL COMPONENT: VERTICAL, V7 (Lightweight Orbiter Configuration) 
GENERAL DESCRIPTION: Centerline vertical tail, double-wedge airfoil with 


mounted tending edge. 
NOTE: Same as Vs_but with manipulator housing removed. eee 


MODEL SCALE: 0.0175 


, 
| 


DRAWING NUMBER: VL70-000139, VL70-000095 











DIMENSIONS: | FULL SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) - ft 425.92 0.13044 
Planform 

Span (Theo) - In. 15.72 2-72010 
Aspect ratio 1.675 1.6075 
Rate of taper won 52a 
Taper ratio 0. Q. 
Sweep-back angles, degrees 


leading edge 


43-000 3-000 
Trailing edge 26.249 26.249 
Q.25 Element line 1.130 1.130 
268 
10 





Chords: 
Root (Theo) WP 4.698 
Tip (Theo) wP ‘ 1.89822 
MAC 199.01 | 3.49667 
Fus. Sta. of .25 MAC 1463.50 25.61125 
W.P. of .25 MAC 35 522 11.1216 
B.L. of .25 MAC 0.00 0.00 
Airfoil section: 
Leading wedge anble - deg. 10 .000 10 .000 
Trailing wedge angle - deg. 14.920 1h .920 ! 
Leading edge radius 2.0 0.0350 | 
Void area - FP 13.17 0.00403 
Hlanketed area 0.00 0.00 
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TABLE III. - Continued. 


COMPONENT DIMENSIONAL DATA 


MODEL COMPONENT: RUDDER - Rs 

GENERAL DESCRIPTION: eA, 3 and confi tion per Rockwell Lines Dravwi 
VL70-000095 ; | | 
ner rere renner per rrr aero 
MODEL SCALE: 0.0175 


DRAWING NUMBER: VL70-000139, VLT0-000095 


DIMENSIONS: | FULL SCALE MODEL SCALE 
Area - ft* | 106.38 0.03258 
Span (equivalent) - in. 201.0 3.5175 
Inb'ad equivalent chord 91.585 1.60274 


Outb'd equivalent chord 50.833 0.88958 


Ratio movable surface chord/ 
total surface chord 


At inb'd equiv. chord 0.400 0.400 
At outb'd equiv. chord — 0.400 0.00 


Sweep-back angles, degrees 


Leading edge | 34.83 34.83 

Trailing edge 26.25 26.25 

Hingeline — "34.83 34.83 
Area. Moment (normal to hingeline) ~ ft3 526.13 0.00282. 


Product of area and mean chord 
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TABLE III. - Continued. 


MODEL COMPONENT: EXTERNAL TANK - Tio 





ARDORS HN 2h Hr le a he FRASER ORR OAaNE (LP RIRAA Te Sa ptid OC CORRE AEE 


GENERAL DESCRIPTION: _External Oxygen-hydrogen tank, 3 configuration, per 
Rockwell Lines drawing VL78-000041 and VL72-000088 


LN NE AA ENA OLEAN AS NASER cesta el adhesin nINioNNseNiNnemAdinn: AC © aN OBL BA OVERS My alld fh NAA RT AH op eh 





Sateen sine abe ent ol 


MODEL SCALE: 0.0175 





DRAWING NUMBER: YL72-000088, VL78-000041 




















DIMENSIONS: : FULL SCALE MODEL SCALE 
Length - In. (Nose @ Xp = 309) : 1865 32 .63750 
Max. width (Dia) - In. 32h 5-670 
Max. depth sigs oo 
Fineness Ratio 2:75617,.. , 5 - 75617 
Area - ft 
Max. Cross-Sectional | 212-555 0.175 3h 
Planform | | 
Wetted a 
Base 

WP of Tank Centerline (Xx) In. 400 .0 7.00 
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TABLE III. - Concluded. 


MODEL COMPONENT: MPS NOZZLES - N 





———— 





ENT SED ate 


GEWERAL DESCRIPTION: Only the exterior surface of the nozzle was 











_ simulated. 

MODEL SCALE: 0.0175 

DRAVING NUMBER: UL70-000139 — 

DIMEN SIONS: FULL SCz#LE MODEL SCALE 
MACH NO. 


Length - In. 
Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 
OXLt 
Throat 
Tnlet 


") 

Area - ft* 
BALt 

Throat 


Gimbal Point (Station) - In. 
Upper Nozzle 
A . 
y see, * a 
2 SRN ae te nee a eee ene 
Lower Nozzles 
Ba 
x Be tee “eee eee 
Z 
Null Position - Dey. 
Upper Nozzle 
Pitch 
Yaw 


La Ye pe No rly 1 oe 


Piteh 
Yaw 
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Table IV. -Orbiter T/C Locations. 
Model 22-0T 
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MODEL SCALE | 
y SKIN REMARKS 
| IPHICK 
NESS 


eh OT 
* NOSE 
Oe 
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Pel sat veel [tofu TTT feel — 
[ae [sso] sare Paes PT es 
Par [sss n.ad [fee dees 
| 38 | .600/1012.18 | | 13.548 | joze) | 
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[aa 675) ty fsa Tt peas 
igo [ft psec TT TT tt bese | 
[43 Pt Pes TT peas] fT 
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ae 
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Table IV. (Cont'd) Orbiter 
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Table IV. 
FULL SCALE 
h10i2.18 | 50.00 | 
/1141.21 | 50.00 

| 99 | 1270.24 | 50.00 | 
[100 | +900 | 1399.27 50.00 | 
ri01 [2.000 | 1528.30 |100.00. 
F102 11.050 | 1592.82 |100.00 
[103 | 400 | 267203.| 39.20 
fos 150 | 431.54 | 40.80 
[ios] .050 | 202.52 | 
[206 | .100 | 367.03 | 52.00 
[207 | /150 | 431.54 | 62.00} -- | | 
Foe | “300 | 496.06 | 65.60 |287.20| 4.516 | 
pros | .300 | 625.09 | 74.48 | -- | 6.774 
(220 7200 | 496.06. (75.60 | 
fot 150 | 431.54 | 79.20 | 
[322 | | 200] 496.06 
1113 i300 | 625.09 
rial 300 “625.09 |102+86 | 
pest ose | on f ~~ 1325 60], 
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T/C Schedule _6 THERMOCOUPLE HOOKUP SCHEDULE 

Chen No T/C No Chern No T/C No Chen No T/C_No 
1 a¢ 33 110 65 — 1k2 
2 60 3hb 111 66 143 
3 61 33 112 , 67 Lhd 
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5 63 cM te se 69 1L6 
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T/C Schedule _ 7_ 


Chen No T/C No_ Chrn No T/C No Chrn Not T/C_No 
1 175 33 207 65 255 
2 176 31, 208 66 256 
3 197 35 209 67 258 
l 178 36 210 68 259 
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ald 288 
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TABLE V. - Continued. 


THERMOCOUPLE HOOKUP SCHEDULE 


T/C Schedule 8 








Channel T/C Channel £/C Channel T/C 
No. No. __No. No. No. No. 
L L 33 34 65 84 
2 2 3B 35 66 | 85 
3 3 35 36 67 86 
4 4 36 37 | 68 87 
? ? 3f 38 69 93 
6 6 38 39 70 o4 
7 T 39 LO 71 9) 
8 8 ho AL 72 96 
9 9 Wy Le 73 OT 
10 10 ho 42 74 98 
LL 1 43 Kay 75 99 
12 12 4h ks 76 100 
13 14 ks 46 TT 225 
14 15 46 47 78 226 
15 16 47 48 79 227 
16 17 48 hg 228 
LZ 18 hg 50 81 229 
18 19 50 51 82 230 
19 20 51 52 83 231 
20 21 52 53 84 232 
21 22 53 54 85 233 
22 23 54 55 86 234 
23 ak oy, 56 87 235 
ok 25 56 57 88 236 
25 26 ot 58 89 237 
26 27 58 77 90 238 
at 28 29 78 91 239 
28 29 60 79 92 Oho 
29 30 61 80 93 Open 

30 31 62 81 oh. 

31 32 63 82 95 

Be 33 64 83 96 

of Open 
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Channel 
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ne ehimandineaneenaens hemmed 


65 
66 
67 
68 
69 
70 
7 
12 
13 
74 
15 
76 
f 
75 
79 
80 


81 
82 
83 
8h 
85 
86 
87 
88 
89 
HO 
91 
92 
a3 
Qk 
99 
96 
a, 


T/C Schedule 10. 


Chrn No. 


OnDA~ IAM FWA be 


__.T/C No 


12> 
156 
157 
158 
159 
160 
161 
162 
163 
16h, 
165 
166 
167 
Lo8 
169 
170 
L7k 
172 
ire 
LZ: 
175 
176 
Li? 
178 | 
179 
180 
181 
182 
183 
18h 
185 
186 
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Chrn No T/C No 
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187 
188 
189 
190 
191 
192 
193 
19h 
195 
196 
197 
198 
199 
200 
201 
202 


203 


20); 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 


Chrn No _ 


65 
66 
67 
68 
69 
10 
71 
72 
73 
71: 
75 
76 
77 
78 
79 


80 
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82 
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8! 
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87 
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90 
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92 
93 
Ll 
0 
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Figure 2. - Continued. 
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¢ OF CLUSTER 
TOP VIEW 


LEADING EDGE 


FOR CLUSTER B T/C NO. 211-217 
Lek. 602 SPAN x, * 1116.0 


| y. = 281.004 
FOR CLUSTER C T/C RO. 218-224 
L.E. @ 85% SPAN x, = 1233.0 


Y, ™ 398.089 


THERMOCOUPLE, 7 PER CLUSTER 


c. Wing Leading Edge Clusters B and C T/C Locations 


Figure a - Continued. 
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c. Re-entry Nozzle Heating Installation 


Figure 3. - Concluded. 
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TABULATED SOURCE DATA 


Recovery Factor 
Recovery Factor 
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0.85 
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Components are designated by the 4th character in the dataset identifier. 


qT tank 

B orbiter fuselage 

L. bottom wing surface 

iu upper wing surface 

V vertical tail 

N left main nozzle 

R RCS center 

p base plate 

M OMS pod 

Y orbiter fuselage, Y = 0.875 
ie wing upper crease 

F orbiter fuselage, Y = 7.525 
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